Objective: To create a risk score using clinical factors to determine whom to screen and monitor for atrial fibrillation (AF). Patients and Methods: The AF risk score was developed based on the summed odds ratios (ORs) for AF development of 7 accepted clinical risk factors. The AF risk score is intended to assess the risk of AF similar to how the CHA 2 DS 2 -VASc score assesses stroke risk. Seven validated risk factors for AF were used to develop the AF risk score: age, coronary artery disease, diabetes mellitus, sex, heart failure, hypertension, and valvular disease. The AF risk score was tested within a random population sample of the Intermountain Healthcare outpatient database. Outcomes were stratified by AF risk score for OR and Kaplan-Meier analysis.
A trial fibrillation (AF) affects 2.3 million Americans, is associated with an increased risk of stroke, and often occurs with other comorbidities, such as congestive heart failure. 1, 2 Although anticoagulation can reduce the risk of stroke, anticoagulation can only be initiated if the diagnosis of AF is made. Because AF is often asymptomatic, it is frequently undiagnosed, and patients therefore do not undergo anticoagulation. As a consequence, these patients may be exposed to a higher risk of stroke. 3, 4 This potential adverse risk is highlighted in a study that found that subclinical AF accounted for approximately 23% of cryptogenic strokes. 5 In addition, addressing AF may also positively affect other associated comorbidities.
Atrial fibrillation, especially if paroxysmal and asymptomatic, may be missed during clinical evaluations, electrocardiography, and periodic ambulatory telemetry monitoring. Screening for AF after an ischemic stroke has the anticipated benefit of identifying 4.4 new cases of AF for every 100 patients monitored. 6 With long-term continuous monitoring, as is available with implantable devices, the diagnostic yield of previously undetected AF after a stroke increases significantly. 7 Expansion of long-term monitoring to detect AF before a stroke occurs in large populations is not likely to be cost-effective or time effective, unless high-risk features for AF genesis can be determined to improve selection criteria. In addition, data from the Asymptomatic Atrial Fibrillation and Stroke Evaluation in Pacemaker Patients and the Atrial Fibrillation Reduction Atrial Pacing Trial (ASSERT) suggest that strokes often occur independently of AF episodes, and as such remote monitoring as a means to detect AF early and reduce events by starting anticoagulation may be insufficient. 8 As such, we sought to create a simple, readily accessible AF risk score according to general clinical markers to determine which patients are at highest risk of AF and should be considered for long-term 
METHODS

Risk Score Basis
Initial analysis was performed on the basis of literature cited in the review by Kirchhof et al. 9 Kirchhof et al summarized data from a variety of previously published studies in regard to risk factors for AF that they further classified as validated. The validated risk factors for AF defined by Kirchhof et al included age, coronary artery disease, diabetes mellitus, sex, heart failure, hypertension, and valvular disease. To establish their validated AF risk factors, Kirchhof et al cited a total of 17 publications as sources, of which 16 were included in their risk score development meta-analysis (1 publication was excluded because all patients had AF and, therefore, could not contribute to attempts to build discriminatory models). Data from each of the 16 source documents were extracted to derive validated risk factors for AF.
Because some of these source documents presented results from a series of statistical models adjusted for different factors, we selected the simplest model presented to eliminate problems of interpretation by combining models from different covariate adjustments and to produce meta-analytic estimates closest to the aggregate unadjusted result. Odds ratios (ORs) were used if multiple metrics were presented or raw summary statistics were available. When necessary, relative risks and hazard ratios were presumed to approximate the OR to facilitate modeling. To allow for heterogeneity among studies, a random-effects meta-analysis was performed by analyzing the log ORs via restricted maximum likelihood estimation. A separate model was fit for each risk factor, with potentially different studies being included in each model, depending on the risk factor data available in the source publication.
When multiple cohorts were presented in an article, each cohort was considered as its own independent study and not combined within a publication. When not previously defined by the source article, we defined hypertension as systolic blood pressure greater than 160 mm Hg. Odds of AF according to age were calculated for 3 age strata: younger than 65, 65 through 75, and older than 75 years.
Risk Score Development
A risk score for the development of AF was created with the point estimates for the OR of each factor from the random-effects metaanalysis. Risk score points were assigned to each of the 7 risk factors with downward rounding of their respective meta-analytic ORs. The presence of each risk factor provides a contribution to the total risk score.
The meta-analysis of the 16 studies used to develop the AF risk score is summarized in Table 1 . The ORs ranged from 1.5 for male sex to 3.6 for heart failure. For each risk factor, there was significant evidence of heterogeneity (all P<.02), and the percentage of total variability due to heterogeneity ranged from 63.9% to 91.2% (for valvular disease and hypertension, respectively), supporting the use of a randomeffects model. There was significant evidence of heterogeneity for all risk factors (Cochran Q ranging from 12.0 for valvular disease to 157.6 for hypertension; P<.02 for all risk factors), validating the choice of a random-effects model.
The AF risk score contributions were as follows: 3 points for the presence of heart failure, 2 points each for the presence valvular disease or coronary artery disease, and 1 point each for the presence of hypertension, diabetes, or male sex. To capture age reported as a continuous risk factor and to allow practical scoring for age, 2 points were assigned for those older than 75 years and 1 point for those aged 65 through 75 years. Patients were assigned a score by adding the appropriate number of points, depending on the risk factors present. As a result, patients were stratified according to an AF risk score, ranging from a low of 0 to a high of 12.
The literature review and AF risk score development were performed from July 21, 2011, through September 9, 2011.
Risk Score Validation
From May 13, 2013, through September 6, 2013, this AF risk score was prospectively and independently validated against a large medical system's database of 100,000 randomly selected outpatients seen from January 1, 2002, through December 31, 2007 , from the Intermountain Healthcare Hospitals and network after institutional review board approval. Twenty-four of these patients were removed from the analysis because their sex was not being available in their respective records. For the remaining patients, clinical variables based on both inpatient and outpatient clinical visits, including age, sex, heart failure, significant valvular disease, coronary artery disease (including myocardial infarction history), hypertension diagnosis, systolic blood pressure greater than 160 mm Hg, diabetes, hyperlipidemia, renal failure, and cerebral vascular accident history, were extracted for analysis. Another 2067 patients were excluded because they had a prior diagnosis of AF. The patients' subsequent AF status was determined by searching the hospital discharge summary for diagnostic (International Classification of Diseases, Ninth Revision [ICD-9]) codes for AF at index and previous admissions to Intermountain Healthcare hospitals and clinic visits and by searching the system-wide electrocardiographic database. These databases are updated daily with completion of the dictated medical reports and physician review of the ordered electrocardiograms and ambulatory monitors. For validation, the AF risk score for each patient was calculated on the basis of the index visit and the distribution of the development of AF by levels of the AF risk score. From this, the empirical odds of AF were calculated from logistic regression models by comparing the higher levels of risk score to those with the reference value of zero (ie, no risk factors).
In addition, an analysis was performed to suggest a clinically useful AF risk score threshold for identifying patients at risk of developing AF. For each potential risk score threshold, all patients were classified on the basis of the incidence of AF as the reference and the risk score as the predictive measure. From these classifications, the sensitivity, specificity, positive predictive value, negative predictive value, and accuracy were calculated. Data analyses were performed with R Language, 26 using the metafor package, 27 and SPSS statistical software, version 21 (SPSS Inc).
RESULTS
Risk Score Validation
Records of 97,909 patients were studied to assess their subsequent incidence of AF. The mean AE SD follow-up for vital status was 3106AE819 days. Patient characteristics by incident AF status are summarized in Table 2 .
Patients who developed AF were older and had higher rates of hypertension, diabetes, coronary artery disease, heart failure, prior stroke, and renal failure. The incidences and ORs for incident AF are listed in Table 3 . There was an independent association with each AF risk score and incident AF. The performance of the AF risk score was calculated for each score as a threshold of predicting AF and is presented in Table 4 . For example, an AF risk score of 2 or greater yields a 70.8% sensitivity, 82.4% specificity, and 82.0% accuracy.
DISCUSSION
The current study has several important findings relevant to the epidemiology and risk stratification of AF and the related comorbidity of stroke. First, incident AF is common in patients with coexistent cardiovascular disease, and the risk does not diminish over time. Second, risk factors across a broad spectrum of studies can be used to determine incident AF risk and create a risk rule. These risk factors are common in the general population and as such have applicability to community care paradigms. For example, in this study, 90.8% of patients who developed AF had a least 1 risk factor, 70.8% had 2 or more, and 48.4% had 3 or more. Third, the risk rule developed herein revealed independent and incremental value in predicting incident AF in a large population of patients with no prior history of arrhythmia.
We believe that this score not only will identify patients at risk of incident AF but also could enhance long-term use of monitoring devices. For example, by using an AF risk score of 2 or higher, the potential number of patients considered for long-term monitoring to detect AF would decrease from 97,909 to 19,088, with a favorable sensitivity and specificity of 70.8% and 82.4%, respectively.
Our AF risk score correlates with the CHA 2 DS 2 -VASc score, which is also a composite of cardiovascular risk factors that are used to predict stroke risk in patients with known AF. 28 These data have significant clinical value in that those patients who have the highest risk of developing AF likely also have the highest risk of AF-related morbidity, such as stroke. Therefore, our AF risk score has practical implications in that patients screened and identified because of their high scores would likely benefit from long-term anticoagulation.
Risk stratification models, such as the one described herein, reduce the need to wait for clinical manifestations of disease before beginning preventive or treatment measures. We believe this is of utmost importance because waiting for AF to develop and be sustained to a level believed to be associated with stroke in the TRENDS study would not be helpful in preventing most strokes. Early diagnosis of AF in general is challenging. Many patients will not be diagnosed as having AF until they experience significant symptoms, such as palpitations, shortness of breath, or chest discomfort, that prompt the initiation or repetitive use of diagnostic tools to diagnosis arrhythmia. As mentioned previously, however, symptoms alone that prompt clinical presentation are a poor indicator of AF because approximately one-fourth to one-third of patients will not experience symptoms during their AF episodes. [29] [30] [31] Unfortunately, asymptomatic patients share the same risk of stroke as those with symptomatic episodes. 32 When treating patients with AF, evidence-based guidelines emphasize the need for rate control, prevention of thromboembolism, and symptom-driven correction of the arrhythmia. 33 Without an AF diagnosis, however, anticoagulation strategies are not indicated despite the presence of multiple stroke risk factors.
Early diagnosis of paroxysmal AF is difficult because it is based on obtaining an electrocardiogram that captures the arrhythmia that can be unpredictable in presentation, duration, and onset. As such, a number of continuous long-term monitors are frequently used. These monitors increase diagnostic yield of subclinical and clinical AF. 5, 34 However, these devices have temporal limitations and often need to be used in patients at highest risk of AF, such as those who experienced a transient ischemic attack or stroke. Implantable devices provide the best long-term solution for cardiac monitoring, but generally their use is in patients who have a requisite cardiovascular need outside monitoring. ASSERT included 2580 patients with a recently implanted pacemaker or implantable cardioverter defibrillator. Devices were programmed to diagnose a significant atrial arrhythmia if they lasted more than 6 minutes and the atrial rate was greater than 190/min. Atrial arrhythmias were diagnosed in 261 patients. Detection of atrial arrhythmias was significantly associated with stroke (relative risk, 2.49; P¼.007). In patients with a CHADS 2 (congestive heart failure, hypertension, age of 75 years, diabetes mellitus, and stroke) score of 2 or higher, device detection of atrial arrhythmias increased the absolute risk of stroke to 2.1% per year. 31 The ASSERT data reveal the value of early arrhythmia detection in general and in particular In addition to stroke prevention, data suggest other potential benefits with early AF diagnosis and management. For example, earlier treatment with drug therapy or catheter ablation improves AF-related outcomes. Dronedarone use is associated with lower rates of death, heart failure hospitalization, and arrhythmia burden in patients with early-onset paroxysmal AF and no significant structural heart disease. Unfortunately, this same drug will increase these adverse events when the AF progresses to chronic or heart disease worsens. Regarding catheter ablation for AF, we found that procedural success decreases if the time between first electrocardiographic diagnosis and catheter ablation is greater than 6 months. [35] [36] [37] These data indicate that earlier detection and treatment of AF can improve these patients' outcomes. For these reasons, there is significant need to evaluate AF risk prediction instruments and improve AF detection and monitoring. 38 Previous AF risk score tools have been created based on the evaluation of large population study data sets. 16, 19 However, their scoring tools are more complex than the one we have presented and do not incorporate readily available clinical markers alone. We anticipate that the simpler the AF risk scoring tool, the more likely it will be adopted into early screening to identify patients for further AF monitoring, which in turn will allow for an earlier diagnosis for those patients with AF.
Often, a meta-analysis is performed via a formal search of databases for relevant literature on a predefined protocol and selection criteria. Any such protocol and selection criteria may be subject to bias, and so we relied on the review to select the studies for inclusion in our analysis.
Patient-level data were not available for analysis from the source publications, and our approach modeled the reported aggregate numbers of patients with AF and each risk factor. As such, it was not possible to produce multivariable ORs that would adjust for the presence of confounding in the estimation of the odds of AF for a particular risk factor. Nonetheless, the validation exercise reveals that the AF risk score can be used to accurately classify patients into increasing levels of risk. We speculate this success may be partially due to the downward rounding of the univariate ORs that we used to formulate the AF risk score and that each risk factor may in fact capture different aspects of the disease process.
The source articles used to develop the AF risk score used data from a variety of sources, some on the basis of incidence and some on prevalence. Although this is a potential limitation and can create the question of interpretability, validation on the basis of actual patient records revealed that the risk factor score can accurately stratify patients on the basis of incidence.
The validation cohort's validity is limited by the fact that patients with risk factors may receive additional evaluation for the diagnosis of AF. Furthermore, the validation study data were derived from a large population-based health care network database. This study relies on the medical records and the ability of physicians to diagnose and document the disease states. The treatments of these patients differed, and as such individualized therapy or lack of therapy may have influenced disease risk. In addition, the study relies on the system-wide electrocardiogram database. Referral for electrocardiograms is typically based on the emergence of symptoms, but in patients with higher risk of disease, these tests may be used more often. Consequently, there is an inherent bias in disease diagnosis and diagnostic test use in patients with higher risks for the disease. To minimize this bias in this type of study design, we used a large population of randomly selected outpatients within the health network. Despite this bias, these data reflect clinical practice in the community and as such reveal the robustness of this prediction tool in identifying patients at risk of AF.
The validation cohort's validity is limited by the fact that only diagnosed AF is captured in the patient database. A prospective study with excellent monitoring of asymptomatic, AF-free patients would be required to reveal true utility of the risk model for the detection of AF that otherwise would not have been diagnosed. Further investigation is needed to quantify the potential benefit of such a prospective study.
Another related limitation of our study is the low annual incidence of new AF each year. Given how devastating the consequences of untreated AF can be, we believe that screening for AF in high-risk populations is warranted. Although we cannot say from these data that long-term cardiac monitoring using an implantable cardiac monitor should be performed in all patients with a score greater than 2, this should be considered given the low risk of modern implantable cardiac monitors. At a minimum, randomized trials of this strategy should be considered.
CONCLUSION
A clinical AF risk score made up of commonly collected clinical variables that are prevalent in the community can independently predict incident AF in patients with no history of the arrhythmia. This score may be useful for selecting patients for long-term monitoring for AF detection. 
